: Influence of solvation. Calculated at M06-2X/6-311++G(d,p)/(CCSD(T)// M06-2X/6-311++G(3df,3pd) with zero point correction evaluated at M06-2X/6-311++G(3df,3pd) level in parentheses). 
Kinetic Analysis
For the kinetic analysis a pseudo-first-order rate law can be used. This approximation is valid, if the concentration of one reactant is considerably larger than of the other reactant. The experiments performed in the ICR fulfill this condition. The pressure of the reactant is constant with a density of typically 10 9 cm −3 . The cluster density is in the range of 10 6 cm −3 .
For a bimolecular reaction A + B → P a second order rate law (SI-1) is valid.
If one of the concentrations of A and B is considerably larger than that of the second reaction partner (N A << N B ), it can be treated as constant. The rate law (SI-1) can be simplified to equation (SI-2) with k rel = k abs N B .
=-
(SI-2)
The measured intensities I A are directly proportional to the concentration of the reactant N A (I A ∝ N A ) and can be used for further data evaluation, equation (2.6).

(SI-3)
The rate law in equation (SI-3) is only valid for a simple reaction A + B → P. To describe complex reaction networks with consecutive and parallel reactions, a more complex approach is necessary. The following equation with n coupled differential equations (SI-4) is typically used to describe such systems.
The matrix K contains the n 2 rate constants k ij of the reaction system. The vector contains ⃗ the intensities of the n species in the reaction system. For a small time interval Δt = t 2 − t 1 the differential quotient in (SI-4) can be approximated by (SI-5)
After rearrangement of this equation (SI-5) the intensities can be directly calculated.
⃗ ( 2 )
Using the identity matrix E ,equation (SI-6) is obtained.
This equation (SI-6) allows to fit the intensity-time charts numerically. The relative rate constants k rel / s −1 can be obtained, and converted to absolute rate k abs / cm 3 s −1 constants using equation (SI-7). = (SI-7)
Using ρ = N/V, the ideal gas law pV = Nk B T and a factor K p for pressure correction the expression (SI-8) is obtained for k abs .
The intensity-time charts can be fitted using equation . This fit is implemented in the software Analyzze using a genetic algorithm for optimization. The fit needs the intensities at t = 0 and the allowed reaction channels as start parameters. The fit also allows to distinguish between different isomers or ion distributions of e. g. different temperatures.
The genetic algorithm belongs to the group of evolutionary algorithms (EA). Such algorithms are well suited for complex problems without exact mathematical solutions. The principle of these algorithms is comparable to biological evolution. A set of possible solutions is tested against a set of rules, and the best results are selected. The selected solutions are called survivors. New possible solutions are added by mutations and cross-overs and tested again.
The probability for mutations and cross overs can be adjusted in the fit parameters. The different solutions are optimized for the problem with each new cycle and match the quality criterion better and better.
Pressure Correction
An aqueous 70% HNO 3 solution is close to the azeotropic point and the chemical composition in the gas phase is therefore close to 70% HNO 3 and 30% water. As the cold cathode pressure gauge shows different sensitivity toward HNO 3 and H 2 O, the measured pressure was corrected taking the different sensitivity into account. The pressure readout from the cold cathode pressure gauge is usually corrected using the following equation. 
The parameter G represents an experimental geometry correction factor for the used instrument, R x is the sensitivity towards different gases, being related to the polarizability of the gas α x . p cell is the actual pressure in the ICR cell while p gauge represents the uncorrected pressure readout of the cold cathode.
To correct the pressure for two different gases being present in the UHV at the same time this correction procedure has to be modified. The uncorrected pressure readout can be described by the following equation:
The correction factors are weighted by the chemical composition of the gas phase.
After rearrangement of (SI-2) the corrected cell pressure can be calculated via (SI-11). The geometry factor G has the experimental value of (3.7±1.0), the polarizability of HNO 3 is α(HNO 3 ) = 3.55 Å³ and for water α(H 2 O) = 1.45 Å³. The HNO 3 partial pressure was taken as 70% of the corrected total pressure .
Rate Coefficient Matrix
The rate coefficient matrices (Table S1- 
Stability Analysis
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Figure S9: Stability Test of Reaction Matrix from Figure 3 (see
